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Imaging CalciumActivity Patterns in the Drosophila Pupal Ecdysis Neural
Circuit
Amicia D. Elliott1, Feici Diao1, Brianna F. Waller1, Yicong Wu2,
Andrew G. York2, Hari Shroff2, Benjamin H. White1.
1NIMH, National Institutes of Health, Bethesda, MD, USA, 2NIBIB, National
Institutes of Health, Bethesda, MD, USA.
Insects execute a behavioral program, called an ecdysis sequence, to shed their
cuticle at each developmental molt. The neural circuit controlling the ecdysis
sequence consists of approximately 300 peptidergic neurons that express the
Ecdysis Triggering Hormone receptor (ETHR) and are activated by peripheral
release of Ecdysis Triggering Hormone (ETH). While several groups of neu-
rons within the network play known roles in the ecdysis sequence, such as those
expressing the hormones CCAP and bursicon, the timing of their activity is
poorly understood and likely involves regulation by as yet unidentified inhibi-
tory neurons. In general, the patterns of activity within the ecdysis network and
how they give rise to motor output remains enigmatic. Using the genetically
tractable Drosophila model system, and focusing on the ecdysis sequence
executed at the pupal molt, we have investigated the evolution of network ac-
tivity using Gal4 driver lines to express UAS-RCaMP or UAS-GCaMP6 Ca2þ
biosensors in subsets of neurons in the ETHR network or its downstream motor
neurons. We are able to elicit the ecdysis sequence in an excised pupal brain by
application of exogenous ETH and visualize the neural activity underlying the
ecdysis-specific motor patterns in targeted neurons. The quantitative temporal
information provided by Ca2þ biosensors, when combined with anatomical
data derived from structured illumination and diffraction-limited fluorescence
microscopy techniques, provides insights into how the activity patterns of the
ETHR circuit are generated.
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The Influence of Voltage Sensor Activity on Arclight Dynamics
Jeremy S. Treger, Michael F. Priest, Francisco Bezanilla.
Biochemistry and Molecular Biology, University of Chicago, Chicago,
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Many genetically-encoded voltage indicators have been developed based on
voltage-sensitive phosphatases. One of the most promising of these indicators
is Arclight, largely due to its substantial signal in response to voltage changes.
Although it is evident that the fluorophore is fundamentally following the
voltage sensor movement, the fluorescence change is comprised of multiple
components; how these fluorescence components reflect voltage sensor move-
ment remains poorly understood. Using simultaneous electrophysiological and
optical recordings of oocytes expressing wild-type and mutant Arclight con-
structs, we investigated the influence of altered voltage sensor behavior on
Arclight fluorescence. We found that the latency before fluorescence change
onset correlated with gating charge movement, and that the fluorescence
change following prolonged depolarizations showed alterations in kinetics
and thermodynamics consistent with voltage sensor relaxation. Other features
of fluorophore movement, however, were less obviously coupled to voltage
sensor dynamics. These results may help guide future attempts to optimize
the properties of Arclight and related fluorescent proteins. Support: NIH
GM030376.
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Nonlinear AMPA Sensitivity to Glutamate and Recruitment of NMDA
Activity in Dendritic Spines
Corey D. Acker, Leslie M. Loew.
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Center, Farmington, CT, USA.
Our lab has been developing and improving the optical and molecular tools
and techniques to record EPSPs (excitatory postsynaptic potentials) in den-
dritic spines. With a dual laser 2-photon microscope we are able to record
from voltage-sensitive dye (VSD) labeled spines from cortical pyramidal
neurons while evoking unitary EPSPs using glutamate uncaging. By varying
the uncaging laser intensity we observe a nonlinear response to glutamate
when the resulting EPSPs amplitudes are observed at the soma. By
optically recording EPSPs in spines we can determine that the observed
nonlinearity is often present even when spine EPSPs are relatively small,
i.e. < 10 mV. Pharmacology is used to block NMDA receptors and determine
the recruitment of these receptors and their contribution to both voltage and
calcium influx. Calcium imaging reveals that NMDA receptors are recruited
in a very linear fashion according to the spine depolarization. This calcium
influx however, does not appear to play a significant role in the spine depo-
larization. Finally, modeling is used to reconcile the observed phenomena
with detailed models of AMPA and NMDA receptor gating, and glutamate
binding.763-Pos Board B543
Biophysical Approaches to the Study of Traumatic Brain Injury
Jeffrey T. Mason.
Biophysics, Department of Veterans Affairs, Baltimore, MD, USA.
We applied biophysical methods to study the anatomical origins of diffuse
axonal injury (DAI), a common pathological finding in closed_head traumatic
brain injury. The only method capable of detecting DAI non-invasively is diffu-
sion tensor imaging (DTI), which is sensitive to the anisotropic movement of
water along axons. Regions in the white matter of the brain exhibiting abnor-
mally low fractional anisotropy are indicative of axonal disruption and are clin-
ically interpreted as evidence of DAI. However, a direct relationship between
reduced fractional anisotropy and anatomic axonal injury has not been firmly
established. In this study, regions in the corpus callosum with reduced frac-
tional anisotropy were identified in DTI maps of post-mortem brains imaged
on a 9.4-Tesla magnetic resonance microscope. The anatomic structures of
the corpus callosum in regions with normal and reduced fractional anisotropy
were subsequently examined by Coherent Anti-Stokes Raman Scattering
(CARS) microscopy using the symmetric C-H stretching band at 2845 wave-
numbers to highlight the myelin membrane. Regions of the corpus callosum
with normal fractional anisotropy revealed intact axons running in orderly par-
allel tracks. In contrast, regions with low fractional anisotropy exhibited
bisected axons, axonal fragments, regions devoid of myelin lipid, and a loss
of parallel axonal orientation. The results of this study establish an anatomical
link between DTI and DAI that may result in improved methods to detect,
study, and treat traumatic brain injury.
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Hypotheses for Hair Cell Ribbon Synapses Probed by a Biomimetic System
Kang-Hun Ahn, Woo Seok Lee.
Department of Physics, Chungnam National University, Daejeon, Korea,
Republic of.
The conversion of sound waves to electrical impulse in the auditory nerve
of the inner ear takes place in the organ of Corti through the process of
synaptic transmission in and around the ribbon synapse. Finding the relation
between the functional and physiological characteristics of the ribbon synapse
is one of the central issues in auditory science nowadays. There has been
a hypothesis on inner hair cells (IHC) that complex broad band sounds
can be encoded by multiple ribbon synapses in an IHC. We provide a
hypothesis on the spectral analysis by multiple ribbon synapses, where heter-
ogenous glutamate release rates in a IHC is the key to the spectral analysis. To
demonstrate our hypothesis, we fabricate a neuromorphic device that models
the hair cell bundle and its afferent neuron, and investigate its response to
pure-tone and human voice sounds. Our biomimetic experimental results go
beyond theoretical simulation While mechanical oscillators’ velocity depen-
dence of relaxation and noise can not but be assumed theoretically, our bio-
mimetic approach goes beyond this limitation of such assumption and is
self-consistent by its own. We observe that for the neuronal spike rates to
mimic the voice sound signal of a word, a distribution of the spontaneous
neurotransmitter relaxation rates is necessary. We also discuss a physical
microscopic model for the ribbon synapse which is based on charge transport
theory.
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The Energetics of High Frequency Discharge in Electrocytes: A
Mathematical Model with Explicit Pumps
Bela Joos1, Michael R. Markham2, John E. Lewis3, Catherine E. Morris4.
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In weakly electric fish, continual high frequency action potential (AP)
discharge from electrocytes allows for sensing of the physical environment
and communication among conspecifics. AP-related costs arise directly from
activity of the Na/K-ATPase as it uses ATP to maintain appropriate levels of
[Nai] and [Ko], thereby recharging the cellular batteries for ongoing AP-
discharge. Recent findings from respirometry (during high-frequency signaling
over a range of frequencies) plus electrophysiology and modeling indicate that
for high discharge rates a trade-off in efficiency occurs (Lewis et al 2014 J
Neurosci 34:197). Electrocyte repolarization depends on a delayed rectifier
whose open probability is modulated by [Nai], and also by an inward rectifier.
The biophysical model used did not, however, include explicit Na/K pumping
(d[Nai]/dt instead depended on persistent INa and a fractional pumping rate for
Naþ ions). We now compare the computational outcomes for the first model
with computed behaviors obtained when a Lauger type Na/K-ATPase pump
is used to describe the regulation of Naþ and Kþ gradients. This makes it
straightforward, for instance, to bypass the previous simplifying (but perhaps
154a Sunday, February 8, 2015unwarranted) assumption that only persistent and not transient INa contributes
to Naþ-loading and thence to discharge energetics. Even at their highest
discharge frequencies, electrocytes produce full amplitude APs driven by tran-
sient INa. To make the accounting of electrocyte ion homeostasis robust, we
describe contributions from the V-dependent Na-conductance with as much
precision as is practicable.
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The Mechanism of Inhibition of Necrosis by Humanin Derivatives: A
Potential Treatment for Ischemia and Related Diseases
Aviv Cohen1, Jenny Lerner-Yardeni1, David Meridor1, Moreno Zamai2,3,
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4Department of Desalination and Water Treatment, Ben Gurion University of
the Negev, Sde-Boqer, Israel, 5Department of Clinical Biochemistry and
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In the past, necrosis, which is associated with many diseases was considered
to be an uncontrolled process; however, recent data support the notion that
necrosis is a regulated process, yet, the only available treatment for necrosis
is applying high oxygen pressure. Humanin (HN) is a 24-amino acid
peptide, known for its anti-apoptotic activity, especially against neuronal
cell death by Alzheimer insults. Recent studies showed that HN has other
protective actions such as in myocardial ischemia, atherosclerosis and more;
most of the activities were related to anti-apoptotic action. HN was also
shown to increase cellular ATP levels. Our study reveals that, in
addition to their anti-apoptotic activities, HN and some of its peptide deriva-
tives exhibits a protective effect against necrotic insults in neuronal cell
lines (PC-12 and NSC-34). Additionally, we found that HN affects ATP
levels in cells undergoing necrosis, and interacts directly with mitochon-
drial ATP synthase enhancing its activity. Results obtained by fluorescence
lifetime imaging microscopy (FLIM) and super-resolution microscopy with
fluorescein-labeled HN, support the aforementioned findings. Furthermore,
in vivo studies in traumatic brain injury on C57BL/6J mice, show a protective
effect of HN, as demonstrated by improved motor performance and by MRI
study done in a 1 Tesla small animals device. Thus, the present study may
reveal a novel anti-necrotic mechanism of action of HN and its derivatives,
and provide a new strategy for potential therapeutic treatment of ischemic
states.
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Coarse-Grained Model of the Snare Complex Determines the Number of
Snares Required for Docking
Nicole Fortoul1, Pankaj Singh2, Chung-Yuen Hui2, Maria Bykhovskaia3,
Anand Jagota1,4.
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Synaptic transmission requires that vesicles filled with neurotransmitter mole-
cules be docked to the plasma membrane by the SNARE protein complex. The
SNARE complex applies attractive forces to overcome the long-range repul-
sion between the vesicle and membrane. To understand how the balance be-
tween the attractive and repulsive forces defines the equilibrium docked state
we have developed a model that combines the mechanics of vesicle/membrane
deformation with a new coarse-grained model of the SNARE complex. The
coarse-grained model of the SNARE complex is calibrated by comparison
with all-atom molecular dynamics simulations as well as by force measure-
ments in laser tweezer experiments. The model for vesicle/membrane interac-
tions includes the forces produced by membrane deformation and electrostatic
repulsion. Combining these two parts, the coarse-grained model of the
SNARE complex with membrane mechanics and electrostatics, we evaluate
the number of the SNARE complexes needed to maintain the equilibrium
docked state. We find that a single SNARE complex is able to bring a typical
synaptic vesicle to within a distance of about 2.5-3.5 nm from the membrane,
which may be sufficient to trigger fusion. Further addition of SNARE com-
plexes shortens this distance to 1.5-2.0 nm, but addition of more than six
SNAREs actually increases it. Thus, our results indicate that 3-6 SNARE com-
plexes work most efficiently to stabilize the docking process, and that synaptic
vesicles and the membrane in a docked pre-fusion state are separated by
approximately 1.5-2 nm.768-Pos Board B548
Organization and Dynamics of Nicotinic Acetylcholine Receptor Nanoclus-
ters at the Cell Surface
Francisco J. Barrantes.
BIOMED, UCA-CONICET, Laboratory of Molecular Neurobiology, Buenos
Aires, Argentina.
Organization and maintenance of neurotransmitter receptor assemblies, key for
efficient synaptic transmission, rely on an adequate balance of synthesis, deliv-
ery to and removal from the cell membrane. We are studying the supramolec-
ular organization, dynamics and trafficking of neuronal and muscle-type
nicotinic acetylcholine receptors (nAChRs) using a combination of ensemble
averaging methods and single-molecule experimental techniques. STED and
GSDIM microscopies (two forms of nanoscopy) of fixed specimens of a clonal
cell line expressing muscle-type AChR disclosed diffraction barrier-breaking
light microscopy images of ~55 nm cell-surface particles (‘‘nanoclusters’’)
which increase in size upon ligation. Live cell imaging has enabled the visual-
ization of particles in real time, and single-particle tracking together with clus-
ter analysis reveals the motional regimes and modes or supramolecular
assembly of nAChR nanoclusters. The neutral lipid cholesterol and cortical
actin dynamics act synergically to modulate the supramolecular organization
and dynamics of nAChRs at the cell surface.
Research quoted here was supported by grant PICT 2011-0604 from the Argen-
tinian Ministry for Science, Technology and Productive Innovation to F.J.B.
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Molecular Modeling and Interaction Analysis of Cannabinoid Receptor
Interacting Protein CRIP1b
Pratishtha Singh, Howlett Allyn, Sudha M. Cowsik.
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The Human Cannabinoid receptor interacting protein (CRIP1b), a novel pro-
tein, is encoded by Cnrip gene loacted on chromosome number 2. CRIP1b is
involved in modulation of CB1 cannabinoid receptor’s cellular localization
and signal transduction but its structure and function remains uncharacterized.
The present study has been aimed at investigating three dimensional structure
in an effort to provide clues to CRIP1b function. An ab initio modeling
approach for prediction of CRIP1a structure has been applied since CRIP1b
protein does not share any significant sequence homology to other proteins.
The best model obtained from modelling studies for CRIP1b has a compact
structure of beta sheets along with a small helix and loops, which is supported
by zDOPE score, secondary structure data, Ramachandram plot, and other vali-
dation methods. Since CRIP1b protein interacts with the last nine amino acids
of the C-terminus of the human CB1 Cannabinoid receptor, the interactions be-
tween CRIP1b and a CB1 distal C-terminus nine-mer peptide were studied by
performing molecular docking. The best model obtained was docked with CB1
C-terminal peptide, followed by molecular dynamics simulations to investigate
binding and relative stability between CB1 and CRIP1a. Molecular docking re-
vealed the involvements of a few hydrogen bonds in binding pocket of CRIP1b.
Further the entire complex was optimized by 20 ns MD simulation with Gro-
macs4.5.5 and the rearrangements of hydrogen bonds leading to structural
changes. The relationship between Cannabinoid receptor isoform one (CB1)
and CRIP1b have potential to play significant roles in pain management, addic-
tion, cardiovascular diseases, diabetes, and neurodegenerative disorders.
770-Pos Board B550
Physical and Topological Constraints on Growth in Human Brain
Networks
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NoninvasiveMRI technology enables the mapping of white matter connectivity
between cortical regions in the human brain. Graph theoretic analysis has shown
the organization of this structural brain network facilitates certain functional
properties, such as robust and efficient transfer of information between brain re-
gions. What are the generative mechanisms of such a network? To address this,
we analyze a broad range of synthetic networks produced by simple growth
rules, and we compare these networks both qualitatively and quantitatively to
the brain.We consider a growthmodel in which a set of three parameters govern
the tendency of nodes to form connections with one another. These generated
networks are analyzed in terms of direct measures of connectivity, such as the
length and number of network connections, as well as higher-order graph met-
rics, such as hierarchy and clustering, that relate to efficient information transfer
and resistance to random errors. We find that different sets of input parameters
can greatly affect the final structure of the network, with only some subsets of
parameter values creating brain-like networks. This shows that very similar
growth rules can produce a diverse set of network structures. In ongoing
work, we are investigating the role of known biophysical constraints, such as
